Experimental

Apparatus
A Shimadzu Model 3101PC UV-visible recording spectrophotometer with 1-cm quartz cells was used for absorbance measurements.
Reagents
Triply distilled water and analytical-reagent grade chemicals were used. A standard solution of Bi(III) (1000 mg L -1 ) was prepared by dissolving 0.2321 g of Bi(NO3)3·H2O in 10 ml of HNO3 (1:3) and diluting to the mark with water in a 100-ml volumetric flask. A standard solution of Sb(III) (1000 mg L -1 ) was prepared by dissolving 0.1000 g of powdered antimony in 25 ml of concentrated H2SO4 and diluting to the mark in a 100-ml volumetric flask. A 3.0 M iodide solution was prepared by dissolving 45 g of sodium iodide (Merck) in water and diluting to the mark in a 100-ml volumetric flask. A 10 M sulfuric acid solution was prepared by diluting concentrated sulfuric acid. A 4% ascorbic acid solution was prepared by dissolving 4 g of ascorbic acid (Merck) in water and diluting to the mark in a 100-ml volumetric flask.
Procedures
Appropriate volumes of Bi(III) and Sb(III) standard solutions, 1 ml of 4% ascorbic acid, 1 ml of 10 M sulfuric acid and 1 ml of 3.0 M iodide solutions were added into a 10 ml volumetric flask. The solution was diluted to the mark and allowed to stand for 5 min at room temperature. Then, a portion of the solution was transferred into a 1-cm quartz cell to measure the absorbances at appropriate wavelengths. ) or Sb(III) (up to 6 mg L -1 ) were made. For the simultaneous determination of Bi(III) and Sb(III) by the derivative spectrophotometric method the first-derivative spectrum of the solution over the range of 300 -400 nm with fixed instrumental parameters (∆λ = 1 nm and medium scan speed) was recorded. The magnitude of the first-derivative signal was measured for each analyte at the zero-crossing wavelength of the other analyte (330 nm for Bi(III) and 337 nm for Sb(III)), the concentration of Bi(III) and Sb(III) in the mixtures was found from calibration graphs obtained previously under the same conditions.
Results and Discussion
In acidic media and in the presence of an excess amount of iodide, Bi(III) forms an orange-yellow complex of BiI4 -and Sb(III) forms a greenish-yellow complex of SbI4 -. Figure 1 shows the absorption spectra of BiI4 -and SbI4 -. As can be seen, the spectra of the complexes overlap with each other, and therefore each compound interferes with the spectrophotometric determination of the other one. However, the system is suitable for the simultaneous determination of Bi(III) and Sb(III) using HPSAM and the first-derivative spectrophotometric method.
Effect of variables
The effect of the sulfuric acid concentration on the reaction was studied in the range of 0.0 -1.6 M. The results are shown in Fig. 2a : the absorbance for Sb(III) increased by increasing the sulfuric acid concentration up to 1 M, and remained nearly constant at higher concentrations, but the absorbance for Bi(III) did not change in the investigated range of the sulfuric acid concentration. Therefore, a 1 M sulfuric acid concentration was selected as the optimum concentration.
The effect of the iodide concentration on the reactions was studied in the range of 0.027 -0.47 M. The results are given in Fig. 2b . There, the absorbance for Sb(III) and Bi(III) increased by increasing the iodide concentration up to 0.27 M and 0.20 M, respectively, and remained nearly constant at higher concentrations. Therefore, 0.30 M iodide was selected as the optimum concentration.
The effect of the temperature on the reactions was studied in the range 20 -70˚C. The results show that, by increasing the temperature, the absorbance for Bi(III) and Sb(III) remained nearly constant up to 30˚C and decreased at higher temperatures. Therefore, 25˚C was selected as the optimum temperature. The decrease in the absorbance may be due to the less stability of complexes at higher temperatures.
Requirements for applying HPSAM
Consider an unknown sample containing an analyte X and an interferent Y. The determination of the concentration of X by HPSAM under these conditions requires the selection of two wavelengths, λ1 and λ2 (or λ3 and λ4), at which the interfering species, Y, should have the same absorbance. Then, known amounts of X are successively added to the mixture, and the resulting absorbances are measured at the two wavelengths and expressed by the following equations:
where A(λ1) and A(λ2) are the analytical signals measured at λ1 and λ2, respectively; b0 and A0 (b0 ≠ A0) are the original analytical signal of X at λ1 and λ2, respectively; b and A′ are the analytical signals of Y at λ1 and λ2, respectively; Mλ1 and Mλ2 are the slopes of the standard addition calibration lines at λ1 and λ2, respectively; Ci is the added X concentration. The two straight lines obtained intersect at the so-called H point (-CH, AH) (Fig. 3) .
At the H-point, since A(λ1) = A(λ2), Ci = -CH, from Eqs. (3) and (4), it follows that
From Eq. (6), the following conclusions can be obtained: (i) If the Y component is the known interferent and the analytical signal corresponding to Y, b (at λ1 or λ3) and A′ (at λ2 or λ4) do not change with the additions of an analyte, X, that is, b = A′ = constant, and thus
where CH = -CX corresponds to the analyte concentration in the mixture, because -CH depends only on variables related to the analyte. 21 This is equivalent to
If the value of -CH is included in Eq. (3), AH, the ordinate value of the intersection point, is described as follows:
Then,
and similarly
Hence, the AH value is only related to the signal of the interferent, Y, at the two selected wavelengths. To evaluate the interferent concentration from the ordinate value of the H-point (AH), a calibration graph or the absorbance value of an interferent standard is needed.
(ii) If component Y is the unknown interferent, Eq. (6) is tenable as long as the Y analytical signals (b at λ1 or λ3 and A′ at λ2 or λ4) remain equal with the addition of analyte X. According to the above discussion at the H-point, because CH is independent of the concentration of the interferent, AH is also independent of the analyte concentration.
For selecting of appropriate wavelengths for applying HPSAM, the following principles were followed. At two selected wavelengths, the analyte signals must be linear with the concentrations, the interferent signals must remain equal, even if the analytical concentrations are changed, and the analytical signals of the mixture composed from the analyte and the interferent should be equal to the sum of the individual signals of the two compounds. In addition, the slope difference of the two straight lines obtained at λ1 (or λ3) and λ2 (or λ4) must be as large as possible in order to obtain good accuracy.
In this special system, either Bi(III) or Sb(III) can be considered as the analyte and the other one as the interferent. Under the optimum conditions, the determination of Bi(III) and Sb(III) was carried out using HPSAM. The concentration of the interferent was calculated in each test solution by the calibration method with a single standard and the ordinate value of the Hpoint (AH).
Several synthetic mixtures with different concentration ratios of Bi(III) and Sb(III) were analyzed using the suggested method ( 
First-derivative spectrophotometric method
Calibration graphs were obtained under the optimum conditions of the reaction described above: a fast scanning speed and ∆λ = 1.0 nm. The first-derivative spectra of solutions of the mixtures of Bi(III) and Sb(III) were recorded over the range of 300 -400 nm (Fig. 4) , and the heights of the first derivative signal were measured at 330 and 337 nm for the determination of Bi(III) and Sb(III), respectively. Table 1 .
Selectivity
To study the selectivity of the proposed methods, the effects of various ions on the determination of a mixture of Bi(III) and Sb(III) were tested under the optimum conditions. The tolerance limit was defined as the concentration of the added ion causing less than a ±3% relative error. (after conversion to Cu + ) interfered by precipitation with the iodide ion. Their interferences were completely removed by filtering the precipitate.
Application
Both proposed methods (HPSAM and derivative spectrophotometry) were successfully applied to the determination of Bi(III) and Sb(III) in several synthetic samples that had compositions prepared according to some alloys. 22 The results are given in Table 2 . The good agreement between these results and the known values indicate the successful applicability of the proposed methods for the simultaneous determination of Bi(III) and Sb(III) in complex samples.
In conclusion, both HPSAM and derivative spectrophotometry could be used for the simultaneous determination of Bi(III) and Sb(III). The simultaneous determination of Bi(III) and Sb(III) by both of the proposed methods is based on their complex with iodide in acidic media. The proposed methods offer good selectivity, accuracy and precision that can be applied for a wide range of Bi(III) and Sb(III) concentration ratios. A comparison between the results obtained for the simultaneous determinations of Bi(III) and Sb(III) in the solution with high concentration ratios shows a better accuracy for HPSAM than the derivative spectrophotometric method (Table 1) .
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